Introduction
The radioisotope 160Tb decays to 160Dy by p-emission with a half-life of 72·4 days. Dysprosium-160 is a doubly even nucleus in the deformed region and its level scheme has been studied by many workers (Nathan 1957; Ofer 1957; Arns et al. 1959; Ewan et al. 1961; Kundig 1961; Michaelis 1963; Gupta and Saha 1965) using scintillation, curved-crystal and magnetic spectrometers. Recently the decay scheme of 160Tb has been investigated using a Ge(Li) spectrometer (Ludington et al. 1968; Keller and Zganjar 1970; McAdams and Ottesson 1972; Roehmer 1973) . While several new y rays proposed by Ludington et al. have been subsequently verified by Keller and Zganjar and by McAdams and Ottesson, there is some disagreement between the relative intensities of some of the y rays as measured by these workers.
Spin and parity assignments to most of the levels in 160Dy have been made using the angular correlation method (Nathan 1957; Ofer 1957; Arns et al. 1959; Kundig 1961; Michaelis 1963) and internal conversion measurements (Ewan et al. 1961) . The angular correlation studies were carried out with scintillation detectors in all these investigations. Since then laklevic et al. (1967) , Krane and Steffen (1971) and Zawislak et al. (1973) have made angular correlation measurements in the case of 160Dy using Ge(Li)-NaI(Tl), Ge(Li)-Ge(Li) and Ge(Li)-NaI(Tl) combinations respectively. The results of these workers, however, are not in good agreement with each other. In addition, the angular correlation of some of the cascades has not been measured so far by scintillation or by Ge(Li) detectors.
In view of the above-mentioned discrepancies, it was thought worth while to re-investigate the decay scheme of 160Tb. In the present work, the level scheme of 160Dy has been studied using a Ge(Li) spectrometer in the singles mode. In addition, angular correlations for the following 10 cascades in 160Dy, namely 299~966, 299-+879, 879-+87, 197-+87, 962-+87, 215-+962, 299-+(879)-+87, 299-+(682)-+ 197, 215-+(962)-+87 and 215-+(765)-+ 197 keY, have been studied using Ge(Li)-Nal(Tl) detectors in the fast coincidence mode. From these studies, it has been possible to measure the relative intensities of various l' rays in 160Dy and to assign multipolarities to the 197, 215, 299, 879 and 962 keY y rays. Fig. 1 shows the decay scheme of 16°Tb, and the level scheme of 160Dy which is consistent with the present measurements.
27·1 8·9
~,..,,.., '" .. The 16°Tb radioactive source in the form of terbium chloride in dilute hydrochloric acid was obtained from the Bhabha Atomic Research Centre. From this active solution, sources of different strengths were prepared in cylindrical Perspex holders with central cavities of 1 . 5 mm diameter and 4 mm depth. A 7·77 cm 3 Ge(Li) detector and an ND-llOO multichannel analyser were used to measure the relative intensities of various l' rays. The calibration of the Ge(Li) spectrometer was performed by the method of Gehrke et al. (1971) .
The directional correlation measurements were made employing a Ge(Li)-NaI(TI) fast coincidence arrangement with an effective resolving time 1: = 50 ns. The l' rays were detected by a 7· 77 cm 3 Ge(Li) detector on one side and a 5 x 5 cm NaI(TI) detector mounted on a Dumont 6292 photomultiplier on the other side. The NaI(TI) detector was shielded with an anti-Compton graded lead cylinder and lead cone.
The source was located at a distance of 10 cm from the NaI(Tl) crystal and 6 cm from the Ge(Li) detector at the point of intersection of the axes of the two detectors. The NaI(Tl) detector could be moved to different angular positions whereas the Ge(Li) detector was kept fixed. The centring of the source was achieved to within 1 % variation in the singles counting rate of the movable detector at various angular positions. Chance coincidences were recorded by introducing an appropriate delay in one channel of the fast coincidence setup. The least squares fitting method of Rose (1953) was used to obtain the correlation functions. Solid angle corrections were made by using the correction factors calculated by Yates (1965) for NaI(Tl) crystals. The correction factors for the Ge(Li) detector were calculated using the technique of Camp and Vanlehn (1969) .
The 87 and 299 keY y rays were selected by the gate set on the NaI(Tl) detector side and the 197, 215, 879, 962 and 966 keY y rays were selected by the gate set on the Ge(Li) detector side for the eight cascades that were studied which involved these y rays. For the 215~962 and 215~(765)~197 keY cascades, the 215 keY y ray was selected by the gate set on the NaI(Tl) side. All cascades were corrected for interference through Compton events from higher energy y rays falling in the gates of the various lower energy y rays by use of the intensity data given in Table 1 . In analysing the correlation functions to obtain mixing ratios, the methods of Arns and Wiedenbeck (1958) and Taylor et al. (1971) were used.
Measurements and Results
Our measurements of the relative intensities of the y rays, as obtained with a 7·77 cm 3 Ge(Li) detector, are given in Table 1 along with those determined by Ludington et al. (1968) . In general, there is good agreement between the two sets of results. Some of the very weak y rays were not observed in the present experiment. Measurements of the angular correlation coefficients for some cascades in 160Dy are compared in Table 2 with the results of Krane and Steffen (1971) . These are considered in more detail in the following subsections.
(a) 299~996 keV Cascade
The 299~966 keY cascade follows a spin sequence reD, Q)2+(Q)0+. Assuming the 966 keY y ray to be pure E2 (Ewan et al. 1961) , we found the multipole admixture in the 299 keY y ray by the method of Taylor et al. (1971) . The two values of 0 obtained are -0·07 ~ 01 ~ 0·03 and -2·2 ~ O2 ~ -1·9. The values Q1 and Q2 of Q = 0 2 /(1 +0 2 ) corresponding to 01 and O2 are given in Table 3 . The second value Q2 is not in agreement with internal conversion measurements (Ewan et al.) , and so the mixing ratio in the 299 keY y ray corresponds to Q1 and is given by El +(0·2~g:i)%M2.
(b) 299~879 keV Cascade
The 299~879 keY cascade follows a spin sequence reD, Q)2+(D, Q)2+. Assuming the 299 ke V y ray to be El + (0·5 ± 0·5) % M2, as determined by suitably averaging the results given in subsection (a) and subsection (g) below, the mixing ratio analysis of the 879 keY y ray yields the values of Q given in Table 3 . The Q1 value is not in agreement with internal conversion measurements (Ewan et al. 1961) , and so the 879 keY Table 3 . The mixing ratio of the 879 keY y ray is given by <>2' and its character is Ml +(99·0 ± 1·0) % E2. This value is in good agreement with that obtained by Jaklevic et al. (1967) .
The angular correlation coefficients for the 197-+87 keY cascade given in Table 2 have been corrected for attenuation due to the half-life of the 87 keY level. This cascade follows a spin sequence 4+(Q,0)2+(Q)O+. Assuming the 87 keY y ray to be pure E2, the mixing ratio analysis yields for the 197 keY y ray 0·004 ~ <>1 ~ 0·06 and 1· 30 ~ <>2 ~ 1· 6S, which give the two values of Q listed in Table 3 . The Q2 value does not agree with the internal conversion measurements (Ewan et al. 1961) , so that the mixing ratio of the 197 keY y ray is E2 +(0·2±0·2)%M3.
(e) 962-+87 keV Cascade
After correcting for attenuation due to the long half-life of the 87 keY state, the angular correlation coefficients of the 962-+87 keY cascade are those given in Table 2 . This cascade follows a spin sequence 3 + (D, Q)2 + (Q)O+. Assuming the 87 keY y ray to be pure E2, the mixing ratio analysis of the cascade yields for the 962 keY y ray the values of Q1 and Q2 given in Table 3 . The Q1 value is not in agreement with the internal conversion measurements (Ewan et al. 1961) , and hence the multipole admixture in the 962 keY y ray is MI +(98 ± 1)%E2.
The 21S-+962 keY cascade follows a spin sequence reD, Q)3+(D, Q)2+. Assuming the 962 keY y ray to be Ml +(98 ± 1) % E2 as determined in subsection (e), the mixing ratio analysis of the cascade yields the values of Q1 and Q2 for the 21S keY y ray given in Table 3 . The Q2 value is not supported by internal conversion measurements (Ewan et al. 1961) , so that the 21SkeV y ray is El +(1·S±0·S)%M2 in character. Table 3 . The Q2 value is not compatible with the internal conversion measurements (Ewan et al. 1961) , and therefore the 299 keY ' Y ray is E1 +(1 ± 1) % M2. This result is in good agreement with that derived in subsection (a). The measurement of the angular correlation of the 215-+(962)-+87 keY cascade was attempted for the first time. The angular correlation coefficients, after correcting for the attenuation due to the half-life of the 87 keY state are as given in Table 2 . The cascade follows the spin sequence 2--+(3+ -+2+)-+0+ and is a 1-+3 cascade, with the 962 keY ' Y ray as the -unobserved transition. The coefficients Uk for the 962 ke V transition were taken from the tables of Rose and Brink (1967) assuming the 962 keY ' Y ray to be M1 +(98 ± 1)%E2 in character (subsection e). Assuming the 87 keY ' Y ray to be pure E2, the mixing ratio analysis of the cascade yields the values of Q for the 215 keY y ray given in Fig. 2a . The Qz value is not supported by the value of A~l)(exp) as well as internal conversion measurements (Ewan et al. 1961) . Therefore the 215 keY y ray is El +(2~~)%M2 in character. This result is in good agreement with the values derived in subsection (I) and subsection (j) below. The 299--+(682)--+197 keY cascade is a 1--+3 cascade, with the 682 keY y ray as the unobserved transition. The coefficients Uk for the 682 keY transition in this cascade were determined from the table of Rose and Brink (1967) assuming the 682 keY y ray to be pure E2 in character. The transition follows the spin sequence r --+(2+ --+4+)--+2+. Assuming the 197 keY y ray to be E2 +(O·2±O·2)%M3 in character, as found in subsection (d), the mixing ratio analysis yields the Q values given in Table 3 for the quadrupole content of the 299 ke V transition. The Qz value is not in agreement with internal conversion measurements (Ewan et al. 1961) . Therefore the mixing ratio of the 299keV y ray is El +(6±3)%M2. The measurement of the angular correlation of the 215--+(765)--+ 197 keY cascade was attempted for the first time. Assuming a spin sequence of 2---+(3+ --+4+)--+2+ for the cascade and an E2+(O'2±O'2)%M3 admixture for the 197keV y ray, and with the coefficients Uk for the 765 keY y ray taken from Rose and Brink (1967) assuming this y ray to be pure E2, we obtained the Q values for the 215 keY transition that are given in Table 3 . The Qz value is not supported by internal conversion measurements (Ewanet al. 1961) . Hence the 215 keY transition is El +(2, 5~ ~:~) % M2 in character (Fig. 2b) . This is in good agreement with results obtained in subsections (I) and (h).
Thus, in summary, our measurements for the relative intensities of y rays in 160Dy are found to be in good agreement with those obtained by Ludington et al. (1968) . We have established the multipolarities of the 197, 215, 299, 879 and 962 keY y rays to be E2 +(O'2±O'2)%M3, El +(2·5~~:~)%M2, El +(2~~)%M2, Ml + (99 ± 1) % E2 and Ml +(98 ± 1) % E2 respectively.
